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(57) Abstract: . 

PROBLEM TO BE SOLVED: To detect a leak current 
even when a gate electrode of a transistor, an input 
terminal of a logical gate circuit, an open/close 
control terminal of a switching circuit, etc., are at 
open states or high impedance states. 

SOLUTION: Detection of the leak current is enabled by 
adding high impedance loads to the gate electrode of the 
transistor, the input terminal of the logical gate 
circuit and the open/close control terminal of the 
switching circuit and fixing the potential of each of 
the electrodes/terminals to potential between a power 
supply voltage and a ground voltage. 
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1 

l££?g££it3miE^£^U «»»*WtC/?a 
c hi by>it*?<D?— YMMty^is KWEtOfHJ 

[w*iS3] Nc hShyy^^oy-hiiti 

fltrGttKttEfflk MittSrWIENc hSh^y^^ 

p c hih7^^y- bmmbffimy?^ ksje 
t co m k . ^ ■ v tr— ris*&mh lEwsm * m e p 

[ift#*g4] Nc hi h7>^^^- hm^i ^ 

««js:siiriaNc hi h^v^^^cosffis^- hmmm. 

bMmy?^ b* i mJ£b<nm<nn&*:3&£.& J £Z>WEEWkb 

Sr&ssu p c hi >vx?<oy— bmmbffimy 

7>b'W£b<Dm\c^ W^yt-^y^Mt, jEI 
•fl*fflffi«MEEfli, AttttfldSrftCreP chiF7y 

I»#«5 ] N c hS^y^^COy- h«S<k« 

ISNc hi hTV^^co^rfBy— hlg<!r^7y Km 
JEt<OM*c, '^>f >e-^*Affi*»«fcU Pch 

W^yf-^y^fiS!«L, «tlBP c hS h9> 
^^cottlBy- h«Bi«HB^9> K«EtOBIHc % 

fc*;y hy * 

[19*116] Nc hSh7y^^(7)^- hli^<tm 
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7 > k«je i copflomm &$b± $ it 5 «£esk b 

U SfTlEN c hi h9^**<&]ffiKy- hmStflulS 
^9 > K«EE<b coPflf-> '>^>T ^*Affifi* IE 

W=EiH£S:g&B6U PchSh7y^^^-Ht 
jEWSfl«rme«SSE«E1M. A®®ffi'J£ffjf5P c hi h 

2£££r^U SulE P c hi h 9 ^co flutes- h 

mmbwim??^ b*mj£b <omc ^^yt-m 

:S$r£, jEmfiiffliJSrmriEP c hi b"7>i?*?<nifo^Y 
20 7 ] h ®96<D*:tl?tl<D?<t)ffl* b 

stjE»ay— him^commttiftKDAti^b^y^ 

SHE«**Mt*>5 ^ ^— >SrfTl\ y— ^mSK^^ttJ 
co^ix^nco^^ ^^MMMIIifliHT- ^*SK«E^om 

0] »*5ll^&»*aS8ffi*0^^ hy 
[0 0 0 1 ] 

B*, !/— ^«8ES:*m-r5ri:«rBWi Lfc-*^ hy^ 
[0 0 0 2] 

ia¥O^2g^^nir^S^60fp]_h(-^ 

jo lsi (D±mmt - mmmit^m^j —*ma<Dm±& 



3 

[0003] y— ^«flt©*ft»*JHHtt, i) 

ffl, 2) /N-Y-f yt-^y^ftli^otP5M^ 

[0 0 0 4] i^W^»*8IEIISOiaW-«C*JV^-CE 
lectronic DesignAutomatio 
n (EDA) (fcSHtas B « L < , ^^^ 3 ySS 

a u— >3 y — ^SSfn^tiB. **ybV 

[0 0 0 51 >^ u— > 3 vdXS y ^-«Sttcr)«|-ttl- 
^ffi^flySr^-To *i\ 1112 (a) (^-MsISSSrSgl 

[0 0 0 6]il2 (a) iC^-f E!Ktt:«K«EE : VD 
D, JgfiMfcftffif : R, N c h!F7^^ : MN > ^ 
7^ KmjE : GND^P)45o HI 2 (a) ^"TEaS 

NiOK^yffiWsgasn, MNcoy— ^S^irG 

: INiftotV^ 0 4*5, IdsliMNOK^y 

[0 0 0 7] il2 (b) liNc hi F5^?MN 

coy- haffi-y-^aara®EE : v g s iz*trz> 
<< ^nM-v— xmmmn$z : i d s^tt^tt^ 

5 0 KW^lg-y^SWffi : I d si*, 

h«a-y— *m*&y]«jE : v g s ^mnohi : v t 

[0 0 0 8] ^u— *> 3 xrj:^ y — ^ttgsso^tti 
*SliTEl) -3) -Cfc5 0 

[0 0 0 9] l) £f\ *H*te#LT»Jhl»fl!>4*tt«r 
*t5 0 Mt Lt, WKSJE : VDD=5V, 
Sffi : GND=0V, A^a^-SJE : I N=0Vtt 

So 

[0 0 10] 2) *HI»|C#LTie««-IM»'ttS/5auU 
[0 0 11] 3) MNWKKyJS-y-^lSW^ 

[0012] IlfflE*C«^»Jtl»0»ttO»^ % A^*S^ 
SJE : r N, IP^MNCOV g s ^OVtfc^ 
ItE^Vthif^i, (Vgs<Vth) TfeSfc 
feMNfiO F Ftftffit ft 9 , I d s f*f£l£0 AiiS 

(012 ( b ) #BB) 0 j 
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[0 0 13] wd-e, Wb^«fig^J;5, [HBKhihi* 
(CA^7*^-mi± : IN, !P^MN(7)Vg si:#L, MN 

ts (Vgs>Vth] ■C*>5fc»MNttONtt<Bt*: 
5, VDD-R-MN-GND^:fB^tl5 (Hi 
2 (b) #BS) o oi 9 I d s ^^^f^r k\£&9 

[0 0 14] 4*5, *0ijT-|*Nc hS Y*7ls*/*9<T>yk 

it fe m«<z>*rft-c y - * a^^^ai-t- 5 r. t & 

[0015] ftfcl, HI 1 3 ( a ) fC^-TlHlSS^^ 2 COffll 
<^ LT^tf 5 0 Hi 3 (a) iz&'+m&te'f ?M 

sit'fe^ ft*W43na»ttia i 3 (b) tc7F£ti% 

tUtC, a^mi± : VDD, P c hSh7^^^ : M 

20 [0 0 16] Hi 3 (b) (C^riHj^liVDDiMPCD 
y — -X«ffi<t^^jB|i$^ MP^KW>tffitMNO 

t^gggSixTiSO, MPCOy— bWMtMN<D<!f— h 

VtilPtMNO KK ^titfUiAa* : OUTii 

SE, I d s n (iMN60 K U">f Vfii- y — *tt«IHl{Cfli£ 
^5aSE> I d s p liMP^) K^>lS-y-7ti 

50 [ 0 0 1 7 ] H 1 3 ( c ) J*-Y y/<-^@lS 1 COAJjtfd 

ttSr^LTV>S 0 >f>v<— ^[hISS 1 (Dffi^SfSE : O 

6>VDD/2<Z>PdIttVDDSr* >f ^[h3K 1 

OA^Ji5S^Sj£ : IN#VDD/2^5>VDD^BttO 

^Iif« : I tt-Y V/<-^HB l (DAtf^mEE : I 
N^VDD/2ft£T'f±i^^ OfeKliVDDtt 

[0018] i/SaU— S/3 ^(CJ;^ y-^Sgg^ffl 
*ftttTIEl) -3) -C*5 0 

[0 0 19] l) *IHISlcStLTl>Jt«r<04«H4Sr 
#i5, Milt, fiBtJE: VDD=5V, tf*7 > K 
1E:GND = 0V, A^/*^aJE : I N = GND (L 

ow) bi~Z> 0 

[0 0 2 0] 2) *EII»Jc#LTK8efi*«Hts/5*U' 
— >3 i/^'riOo 

[0 0 2 1] 3) -O^— ^jrii«flt : I x *>5^ttM 
0 NWKKySi-y-^iSriS: I dsn, &5 
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Ku-r >mm-y-xmmmmtfi : ns P 

[0 0 2 2] ffiie«c:«i-»jh^«H4<754»^, Xfi$k^ 

miE : IN^GND (Low) 0 . IttttffOi* 

5o PH*IC, MjVfrWE : I NJiSVDD (High) 
tfc5i#{,lttllfJ0t45 (Hi 3 (c) #B8) o 

[0023] w w "c, flr&i^jwBaicj: 19 , msg»ii:B$ 

: i^itfEftS (Hi 3 (c) #0B) o oS5>fy/<- 
^IsIBSioWii«Stt : I ^^e^^-T^r ^(CJ: *9 y-^ 
Wt*r*ffl-r*ii*U*5. [1 = 1 d s n = 

- I d s p ] X$>Z>tz£>, IdsnfcKlildspS: 

[0024] 7iib\ ^j-cis^ >v<— *m&<nm&t:m 

NORSK. fcS^te^y 

[0025] El 1 4 (a) iZTjk-tm'm&m 3 CD#J 

£ LT*«f £ 0 HI 14 (a) lC*-*-|Btttt^^s/^ia» 
2-e*>9, ft*fl«l**BI*B:Bl 4 (b) fx-fyf-m 

chih7^^:MNH45. **3, [1114 
(b) HffliLT^-ryf-[iISS2, HIE; VDD, 

J£*vl±Aflf : R, ^> K«JE : GND^b^SEIKS: 

^LTV>5 0 

[0 0 2 6] (Hi 4 (b) {Z7jk-fm&teVDDkR<D— 

<DAffi**T- : B i 0 , BiGNDtiS»«Siitfc 
9, MNtMPil^totCMOS^^^O^yflsI 
&2£fS/£LT:io9, MN(^y- Hg^^^f s/^MW 
S, MP^~hti^^7fFIM« 

: ir^ro-CV^o I ttRicaEn*jra««, I 

d s nteMN^O KU'-f v«*-y — ^flffllB«c8tix5* 

gft. 1 d 3 pttMP©KK^*i-y-^tiiiifcii 
[0027] ix-v^h viasy- *m$t<n&tti 

*ftttTIEl) -3) -CfcSo 

[0 0 2 8] 1) £-f> *E»{c»LTi»±Wtf!>«H4«r 
^•X.5o OT&LT* VMMS. : VDD= 5 V, ^9>K 
mJ5 : GND=0 V, ^-Y y ^§8 fflf&Jfflttg^ : S=GN 
D (Low) % y^mmUmm^ : = VDD (Hi 

gh) , <t-r5o 

[0 0 2 9] 2) *0^(C^LriE^ff-§-^ttv/^^U 
[0 0 3 0] 3) VDD-GNDFflCffitlSfffil, fc . 
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[0031] miEjcs-rwih^wtt^**, *>r ^ 

B»2liOFF«fti45fc», Itt«l3f0fc*6. C 

wivdd (High) ti<it xsfvT-mmfflw 

S^iCSLGND (Low) tl<(t s^BPJGH 

DD-GNDra^4 3 W«£E^iDx.&*Lfct-f *<-f 
/0 2xy-*ON«ttfc<c9>ta«at : IiSfltftS. o£9 I 

5£3 0 Sfc (I = Idsn+Idsp) X'hZtztb^ I 
d s njoitfl d s P Sr^^t5;i:(cj: 9 y-^m 

[0 0 3 2] 7i^b\ *0iJ-C«CMOS^^ ^f@]S<OS 

20 [0 0 3 3] h!) xbft&tftm-fZ^bizJ: 

-To 

[0 0 3 4] Ull 2 (a) fc*-fE»«r|R 1 (D« 

i^*(f5 B Hi 2 (a) fc#1-mHM0Lttm3&na 
9 ~ZX\ Hi 2 (a) ©MN©AA*f : I 

[0 0 3 5] *yhy^ hrt**SW-5w<L:K:J:9, y 
3) -C*>* 0 

[0 0 3 6] 1) -tjy hy>^ Krto*9EIKrt(c:^*tL 
[0 0 3 7] 2) ffffS^ttJ £*lfc h^v^^co^- h 
[0 0 3 8] 3) iWHEttaSilfc-*^ h***llWE*a* 

[0 0 3 9] ftfc, *0)J-C(iNc hi h 7 <0» 

&&m\z.m-ftii>K Pchu F7>^^c^^fc, 
»LTt>n««>^s-ey--^*sKds»fe-t-*«i^*>« 

[0 0 4 0] ftt, 013 ( a ) (C^-figiSSrM 2 O^J 
4: LT^if Z> Q Hi 3 (a) tc^IsIKrt-r ^0 

Kit**), SK«j««tW3fi©ii0"e*)5 o ::-e, m 

ro 1 3 (a) CO^ ^[1]SS 1 cdA^*^- : I N^flft 
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^ffittTIEl) -3) T-fo5 0 

[0 0 4 2] i) t^h^hrt^jn^^y^-^ 

[0 0 4 3] 2) milS^lii^^Tt^V^-^lHlSgOA* 
[0 0 4 4] 3) mjfSftta^ttfc^^/ h^S^, ftufE^tfi 

fc 5 -f * !§]»-?& 5 o 

[0045] *0y-ctt>r #\3}&<Dm&$:m 
[zmf-fttiK nandeh», nor®^ &5VM*:7y 

[0 0 4 6] Zfcfcl, E| 1 4 ( a ) lzm-tlBl&&m 3 <7)#iJ 
£ S 0 12114 (a) iC^-MHIStt^W y^-EBS 

2fc«9, EIB#|j*l4m3fi^>iB0T*«. r^T\ HI 14 

(a) <7)^>f y^0tt2<©H!M<W»M^sBI!^IB^* 

TIED -3) -efc*. 

[0 0 4 8] D h y ^ hrtte^sfts;*^ 

[0 0 4 9] 2) WrlEtftgRSixA:^-Y$/^lHl«l<OBBia»J 
[0 0 5 0] 3) ffirEttffiSixfc^y #he«** 

[0 0 5 1 ] WmJCMOS^^f y^HIKO» 

[0 0 5 2] 

[35W^«*L<fc 5 ifftiUi] UMBOS' 5 A l*— S/a 



[0 0 5 3] SAc, 0 1 5 iC^ffltfC, X-T s/^[eIK2 
^Hl*if : B i>f y/<-?H» l WAAi? : IN 

^m&2<n*j y^mmm*&=f- : s^gnd (lo 
w) , *>r yf-m&2nx<{ y?mvimim=? : ^vd 

D (High) <h/<£S&3\ y^-|HK2ttOFFtttl 

[0054] — *yhy^ hrtci^^r, 

■tZ>JjfetZ&\,>Xi>. m i 4 lZ^£ ? iZXsf y^m& 
20 2 ^AffiAS^- : B &4 ^ SB 1 OA*«iF : I 

[0 0 5 5] £A±CDmiZ^ mk<T>*s X a > 3 

*j:t* h y * n»**ftt»tty — ^mss^is^-r 

[0 0 5 6] 

[^!I£^*^5/bi6<D^|g;] -^ZX\ 
[0 0 5 7] 

[0058] mi (a) temm&mnzm-tz^y b» 
jo h y^ nJE»jiit«fi8ia, eh (b) {iiutejB 
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m 1 fcflfl-i-*-* y h y ^ S^M£Htcg-5< PchSh 

[0 0 5 9] *«WOjO||»lBncH-r5*sy h y * h 
M&SE(Cte^Tf2, N c hi h7 >*s*9 : MN(C*f 
LT, MNCQ^- h*« : Gtm^Sffi : VDDiWffi 
iC/^-f >t°-^>^^^ : H i ZSrfflP Ai"5 0 
P c hi : MPCSLt, MPCO^— 

S : Gi^7> KttJE : GND^^W^yt'-^ 

: h i z£#A-r5 e et±tf s . *mw<Dn&m 
• iwwi-*** hv* b&vmw** bu * bm& 

[0060] euioj: f y * bm&znm-tz 

u<«, ^-r^e-^^^^si-efco^^, Nch 

I h7^'^^ ©y- htitttSKtEtffiC. Pch 
[0 0 6 1 ] fefc, mrfS^^^Vfc 0 -^^^*^ : H i 

-c&5 0 fete, lWE^-Y-f^tr— : h i z 

[0 0 6 2] (MfacDMm 2 ) El 2 tt*JB9laftltoBfll 
2lcB8i"5*y h y * b V * b& 

mmmmi&mx&>z> 0 m2 u> f4*js®jB2«cH-ra 

t^hM N^»36««caE^< NchS h7>^^ : 
MNCSttS*^ hy * h£&HJ6«/ilcEk 02 (b) 
tt*J6®*2*cBB-f**y b ] J* h2MUK»cX<5< P 
c hi h7y^^ : MPI;*tt5^y h y * h^m^i 
J£«££0£:^LT^5 O 

[0 0 6 3] *»MoSOt««2KB8-J-S*-y h y * h 
S!lft^SJ-te^T(i, NchIF7>"^^:MNCT 
LT, MN^y- : Giiiiff : VDD£<£>RU 

K^^bf— ^^flf : H i Zte£l>*^«E2g : V 
bSrffA-TSo Sfc, P c hi h7^^ : MPK*f 
LT, MPCO^— bm& : Gi^7y K«JE : GNDi 
<7)^i:W^vt-^y^^^ : h i ZteJ:t>^a/E 

b v * b&»mm<n*iy b y x nj«st*«rij-e*«. 
[oo6 5] «±<^<fc 5fe*y h y * h^ift£n»-r<5 

L<fi, ^^-r-O't 0 — ^>-^^T'feofc^, Nch 
fe^ttJBK : V b ^?l^7tmfi(c s PchSh7>y^ . 



(6) 2003-296389 

70 

^<7)^- hfto/yy KmJE«ffi : G N D 

as : v b ^Dx7tmf4tc[a^$tL5o w^««-eiBfltft 

^^coy- h««-V— **«ffl«ffi :Vgs^h7 
v^^coEBfiiajE : V t hSrS^fci*, 

Ku>f^li-y- ^««BD»wfiatdssiEix, y-^ 

msfc sr« tb -r a r t » pjgg t fe 5 . 

[0 0 6 6] fete. Kris^mjEas : VbtDmiL&O tt 
Set X'*Z£W<DnMMm l £ nttoSMKfrft & ix«. 

/(? fete, mm^^^ ^t'—y^^Affi : h i ziz^ 
w^*ort>ia«^3»*sr»5- idsprsg-c*>5 0 fe 

te\ mJlS/^^^ yf-^y^M :HiZll ^fttt^ 

[0 0 6 7] fete. JESJESg : VbiM^y ^> 
* AM : H i Z <D8MHMttH 2 {C^-TPS V) T'fe < , 

[0068] mmmm 3 > 0 3 

20 **KS«rtia-efc«. 0 3 (a) tt*J6««3*cHi-5 
*y hy^ HHWSII:I^<Nc hlh7>^^ : 
MN(c»t^t-y F y ^ 0 3 (b) 

temmmm 3 izm-tz* y b v * bmmmmzm-3< p 

c hlh7^^ : MPC#f5^^ hy^ h^rnn 

[0 0 6 9] **Wo3llfi»tt3lcBBi-5^y h y * h 
^m^at-teV^Tfi, N c h!h7V^^ : MNCS 
Lt.MN^- bmm : Gtf? y KmJBE : G ND t 
(DmiCs^^^tf—yisxAffi : H i Zte<fcU^«E 
50 21: Vb^Af^o ^7t, Pchih7^^:M 

pic^lt, Mpcoy- hm« : Gtnmmj£ : VDD 

^W^CM-fyh'-^M : H i Zte«fctfit«E 
21 : VbSr#At5 0 

[0070] w±^. ^ftwcnnmrnm scigts*^ 
f>y* sy^ h**jiifi*^-c*>5 0 

[0071] ^_h(7) «t 5 fe^ s/ b y * h^&^iyfe-rs 

L<tt, /W^yf-^^^lt'fcofcl^ Nch 

^0 p c hih7y^^^y- bmmizmmmfem{iL : v 

ffllfi : Vg s h7 V^^^COr^flS/E :Vth^g 
S 0 

[0 0 7 2] fete\ SulE^^^ >f ^ b° — ^ yxgjf ; H i 
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fcfc. B&IE^-f -< yf- ^v^^?^ : H i Z 

T-£><5 0 5tmEE2£ : Vb b'^s< yf- 

ffi : H i Z (DfeWmtem 3 fC^-TPS 9 -e* < , *^»«t 

[0073] (mm<n&m4) m4^^m<Dmmmm 

h y * h«sias«ica6^< n c hsh7^x^ : 
MNCTt5*5/ hyxhmv&mmtfLB* bm (t>) 

tt*lfc»«4*c:H-fS*5f hyx h«f(cS<5< p 

[0 0 7 4] *«W<0*J6»HB4^BB-r«*y h 

It, MN^y- f^ffi : Gtmilfflffi : VDDi^l 
M^yf-yyxMiHiZl, y-Mi: G 
hif'y^ KfSJGE : GNDi^lW^yt-^y^* 
ffif : H i Z 2 £»AlT5 0 *.fc, Pchih 5>.^ 

VDDi^lW^yt'-^^ : H i Z 1, y 

fcr-^^ftflf : H i Z 2 ^rffA^^o W±t5^ 
^^Jfi?Klfi4«cBIIi-5^y hy^ YW9££W<r>*y hV 

[0 0 7 5] &>±<D£ 5**5/ V ]) X hmWk&tZmtZ 

l<(4. ^-f-f >tr-^^tttt-e*>ofc»^ Nch 

^A^f : H i Z 1 tH i Z 2<B#JEj»*lCj:i?, VDD 
XH i Z 2/ (H i Z 1 +H i Z 2) fC, |i]«K:P c h 

: H i Z 1 tH i Z 2^EM(-i^ VDD 
XH i Z 2/ (Hi Z 14-Hi Z 2) {:i|§£;£ti5 0 ^ 
^Mt'ilfflf^tti/ ^ » U—ix g is&'ff 5 - £ £ 

Vg s^h7V^^OHtSE : V t h frmx-fc 

[0 0 7 6] ffinZ^«( P^XMffi : H i - 

Zl, HiZ2te, -tna*td8ttix5fl|fiESr«|«f 

«P : H i Z 1, HiZ2lt SMMT'J)ott)l3I 

[0077] (mm^mm 5) is n^mcommmm 

»*Jte«filcl2|-Cfe5o 0 5 (a) ttHHS®H8 5«cBB^5 
h y * h**3S»CS<5< N c h7^7^ : 
MNfcM"*-*** h y x h2E»H««/*EL B5 (b) 5 
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f4*tt»tt5«cMi-3*:y Ky* hffilfe£SBf;:S<5< p 

chih7y^^: MPi:^t5^5/ h y * h^iftH 
[0078] *ttw<Dmm&m 5 kbb-j-s* * h y * h 

LT, MNCOy— h®£ : G <t fS^SJE : VDDi^Pfl 
iOMV ^v^ftffif : H i Z l*5<fcO«^»ESK : 

Vbl, hftfi : Gt KtE : GNDi^W 

KlxMV >fcT— ^V^^ : H i Z 2^o ( tO^IEig : 
/0 Vb2^flAf5o *7t, PchIh7>'^^:MP 
td*j-LT, MPCOy- : Gtm^mJE : VDDi 
^P^(C/N^^>-b: 0 ~^>^A^ : H i Z 1*5J:WS«E 
*:Vbl, y-Mffi:Gt/7VKaE:GNDi: 
C0Pfl(C/N^^>t°— ^V^rftffi : H i Z 2*>±VS«JE 
21 : V b 2 5rffAf5 0 *«W*>IIJE70»5lc 

Ht-a** hv * b&»mm<D*v i>y ^ htMfts 

[0 0 7 9] SUKDXifr**, hV * hxaitrmi-e 

^ ft Iff : H i Z 1 iH i Z 2 CO^JE^fdJ: 9 , ( (V 
DD-Vbl) -Vb 2) XHiZ2/ (HiZl+H 
iZ2) +Vb 2[C, »PchSF7^^^ 
- hHi(7)ififi/N^^ >-fc°-^V^ftW : H i Z 1 i 
H i Z 2^JE3b*fC«t «9. ( (VDD-Vbl) -V 
b2) XHiZ2/ (HiZHHiZ2) +Vb2j: 

thta^ #h7>^^<7)K^yia-y- 
[0080] t£is y femjzm : v b i &£v<j£mj±m 

Vb 2^*ffi*o - tT**W^*16«fJB4 4:ra 

ffi : H i Z 1 , H i Z 2 -t<xg#«c8fEtt5aS(tS:fi| 

yy^M :HiZl x Hi Z 2 (4, ^Sttft^T-feo 

: Vb 1 <!:^>^^>'fc: 0 — ^v^ft^f : H i Z 1 , 
Vo^«JE8R : V b 2 ir^^yt'-yy^^f : h i 
z 2 ^gttliRfiig 5 «9 t»4 < , -t^SMKWttiS! 

[0 0 8 1 ] (MMcoftm e) me te*mw<DmM&M 
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(b) (±>f w<-^EIBi«rft*»*»H»i: Lt*L 

[0 0 8 2 ] **W^H3Sffl?lft6(cH-r5^!y h y * h 

— *[eI» 1 CDAt)^ : INtlStE: VDD^O 
fflK'W-Y f^^Mffi : H i Z 1 , 4l"<— ^0 

K 1 «0A*iS^F- : I Nt^9> K«JE : GNDiOlBJlC 
/^^yf-^y^M : H i Z 2S:SAt5 0 06 

(b) &m^^x£t>tzwffl!,cmw-rz>t. 

S§ 1 14 N c hS h7^7^ : MN(?)y-7iffi : n S 

: nDi:PchS h7V'^^ :MP(^ KK^l 
S : p D btfmWtZtl^tlfcJ ^SSg 1 

-7- : OUTi:fc9 , MP<7>y — ^MM : p S ir®2lPi 
EE : VDDi^SJBKSiX, MNCD^— mGtM 

^lCOA^S^: INiftSo >fW<— ?\B\ni(DXtl 
: I NittiRflffi : VDD^^iW^fyfc-/ 
>**.ffif : H i Z 1 % ^Vy<-#@B 1 (OAM^ : I 
Nfc^9^ KflEE : GNDi^fHJK^ 

: h i z 2^#Ai"5 0 eu^. &¥&w<omifomm 
6izm-i-z>*v h y * htMi^^y h y * h^&jg 

[0083] a±<oi5^5/ hy* h^m^njs-rs 

fcL<f4* ^-r^^t 0 -^>^iK^T*fcofc^, 

*E]g&l (DAtii&T : INWtfflW^yt'-^ 
>^ A» : H i Z 1 t H i Z 2 ^E»*lC J: 9 , VD 
DXH i Z 2/ (H i Z 1 +H i Z 2) tr@^$tt5 0 
ffilxitf, H i Z 1 = H i Z 2 £ LfcB*. << y^-^HB 
l^AASf : I N(0«ffiHU maSm/E :VDD^7 
^ KSEE : GNDffltOfHllfctiSo r<D0#, MN 
*5±VMPttEI^^ON*tlffii:<c5o 

[0 0 8 4] z<Dttm^&mm&¥ftiki<'$~i'-is3>' 

(c) #SS) o 

[0 0 8 5]*^ NORIhISS, NANDIUSSCtfilS 
«>2»*S:»5wi:3&s^r«B-C*>5 0 HI 7 (a) a»lk)Stt 
6*CBa-T5^y h y ^ h^m^B(cS^< NOR[e]Sg3 

7 (b) J4NOREB3«rft*tt*JtEIBi Lt/Tlfc 

[0086] *»w^*ifiJBti6»cBB-*-a*!7 k y h 

**3B6«»C*5l^rtt, NOR[Hl5S3(C^tLr, NOR[hI 
£&3(7)A^fiS^ : A*S«fctJ<B £ m2Rtt/E : VDDt^l 
iw^'W^Vt-^V^M : H i Z 1 % NOR 
3 GDA^iWS^ : AfciVBi^yKtE : GND 
fc^lB^-tiX-pn^^^ >t 0 -^>^A?^r :HiZ2^ 
»Af5. 0 7 (b) Srffl^r^&JcWiNBtciaw-ra j 
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i:, NOREI8g3t4N chl b7>-^X? : MN a , M 
N b<oy — *WM : naS, nbS^7> KWE : G 
NDt^t^n, MN a s MNb©KK>tt: n 
a D, nbD<i:Pc hil>7 ^ :MPbOKK 

>fEH : p b D k Ztl&NOR\El& 3 (DttiJj 

ffl^:OUTt^^ P c hS! h7 : MP a<D 

v—xmm : p a s imaimjE : vDDi^agjn, 

MP a CO K^ViS : p a DtMP bOy-^lS : 
p b S kfctgmZll, MP a(7)y— : p a G kM 

10 Na <Dy— hW£ : n a G <t tf«iBt**trtU*S NO RID 
SS3 0-A^7ffiT- :Ai45, MP b^y- hmm : p 
bGdrMNb CD-^ hSffi : n b G kfctSWtcStlZiXfi* 
NOR0SS3GD— A^S^- : B kt£*) , NOR[hIS&3<7) 
A^SB^ : A*5j:tfBi:tt8l«E : VD D £ OSJlC-tJx 
•^fr^ >fcS- *^;*Affif : H i Z 1 , NOR0B3 
<DXti^ : AioitfB kf^ls KSJE : GNDi^H 
latl^tl'^ <{ Vtf-^V^A^T : H i Z 2£JfA1~ 

20 [0 0 8 7] $X_k<D£?/£*>y hV* b ^^'Mm-fZ 
ZklZfO ^ NOR[HlK3C0-A^jffl^s (Low) \Z 

-r>f >b , -^v^tt»-c*ofc»^ fcsisi, nor 
v f — ?i/*ftmx~ihz> xtiffi^nmm*'^ << > t° 

• :HiZUHiZ 2<DftEE$)gkt<C£<9 , 

VDDXH i Z 2/ (H i Z 1+H i Z 2) 
5 0 MxS, H i Z 1 =H \ Z 2 k Ltzm. A^SS^O 
50 SSSmJEE : VDDi^7y K«£E : GNDBi 

^*W«f4i:*5o MPafe±(J5MPb*3itf 
MNa. t>L<J4, MP afcit/MP b*5J:t)«MNb, 
fcb<tt, MP a fci^MP b «±(5MN a fcAtfMN 
bW(CONtt«i*5, 

[0 0 8 8] ^0*^t»lB*«#WttS/5a.U'— S/b^ 
?rtT5 wiricj: 19, NOREK3 «cKfflm»»E^gKtt, y 

[0 0 8 9] m8 (a) tt**»j»6lCBB-r**y h y 
^ h^lftSI«(ca<5< NANDIH»4icati-S4i2y h y 
40 * h«»**«j«H*r*L-C^5 0 118 (b) liNAN 

[0090] *»w^*ifc*«6jcBB-*-«^y h y ^ h 

at*»fliK*5l^Ttt, NANDlHlSS4{C^-LT, NAN 
D[HlS§40A^S J f : Aioi^BililiE : VDDd: 
(Vffl^-Zti^rtis^^^ yt°—y>>*<gffi : h i Z 1 , N 
AND[HlSS4 0A^a^ : A*S£XfiB k ?7 *s K«E : 
GND k<nffl^ti^tis^^isK*-y^xMffi : H i 
Z2mt5o U8 (b) *:fflV^S6K:»«llCRM 
NAND@K4liPchih7y> ! ^^ :MP 
>0 a , MP b (Dy — *H;^ : p a S, p b S fc m?^mJE : 
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VDDidStfeBSSn, MP a, MPbOKK^tS: 
p a D. pbD£Nch§y byl^\y^^ : MN a CO K L' 
: n a D k fc&W££tlZfttfN AND\Ei& 4 <D 
ttl**-T- : OUTtftO, NchSh7V^^:MN 
b^y-x®^ :nbS> ^t>- KttJE : GNDi^ft 
^^ix. MNb^KK^tffi: nbD^MNaCDV — 
: n a S ki*&m&tl* MP a CO^— bM^ : p 
a G tMN a <Dtf — bMM : n a G t ftMftRSJx r. *LtfS 
NAND[eJES4(0— A^SS^ : Aift>9 % MPb^^- 
: p bG^MNboy-hlfi : n bGt^g 
Sixm^NANDISIK40— A^JSH 1 : Bi:^^ N 
AND{5]SS4WA^ : A*J *U*B iWWBE : VD 
D k&m^tl^tls^J Vfc°— *V**ffif : H i Z 
1, NAND(i]SS4(7)AM^ : A*5cfcU<B k K 
GNDk<DW^tl?ti/^J^K°—yisxik 

mini z2^a« 0 «±a«, ^mm^mmmme 
\cmirz>*y bv* b&vu&mn*? bv * bmmmm 

[0 0 9 ll WJ^JzSft** ^ KK«<r*)k:*2 
^ <t J: »9 . NAND®!S4^-AM^ (Hig 
h) KHJeSJx, RD^-A^M^BIItttt*, t>L< 

NAND@84WWAA»^H»m fcL<fi. ^ 

>f > tf—jfl'Xfkffi :HiZUHiZ2 ^^/ESft* 
[££9, VDDXHiZ2/ (HiZl+HiZ2) td 
@^^n^o Mttf, H i Z 1 =H iZ2i LfcSt, A 

^ss^^mfim, mmm& : vdd^7> ksje : g 

b^ir/MPa, fcL<Wu MNa*5<fcl/MNb*5j:0< 
MPb, fcL<fi, MNa*5±tmNbjoJ;tmPa*) 
<£t>*MP b^|SJ«F(CON«ffli** 0 

£rtT? d irdJ; 9, N AND0&4 

[0 0 9 3] ft*5 % ifflie^^Vfc 0 — ^v*^ : H i 

zi> Hi Z2ii, ^tis&icmnzm.m&mM'tzz 

t:HiZl, HiZ2ll ^attA^r*fcortiwj^ 

[ 0 0 9 4 ] ft:fc\ fe0>MSBIB. 7y^-7P^ 

[0 0 9 5] {$m<T>W& 7) 19 WfSOllil 
7«cBB-f-5^;y MJ* h£«U£BtcJ:<5*;y hy* h£ 
*3WS*rtHT?*)*. B9 (a) ttH*M£»7f£BBi-S 

** k y * h«**«(c:*<5< y=f~m&2 1 (c*f-r 
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75 

[0096] *&w<DMi&tem 7 icffi-rz * y h y * h 

^^H»2 laMMMWt?- : S. VDD 
i^M/fyt-^M:HiZ.l. 
S»2 1^|JBBH»J»»-T- : i^?>KlE : GND 
^P^c^^^fc'-yv;*^ : H i 2 2 £ff A"T 
5* E9 9 (b) Srfflu^T*&KB*Ur|ftW-i-5fc, 
3>^-|S8S2 1 ttN c hi h7>^^ : MNOV-^S 

cma**^ y9 L ia»2 i<7>a9^— Atti^ig^B tft 
KMfflss^ : s , £«as«iE : vdd fccom^^-o 

: H i Z 1 , y^EIK 2 1 <£>|»|5flftU 
SUISSE: S, t^^VKSJE : GN D t COWJC/^ -f V 
tr— yv^Affl 8 : H i.Z 2 S:ffAt5o 
20 [0 0 9 7] W±^S, **MO|06»?ffl7^H-r*^y 
Hy^ h»ig^7 Ny^ K2E**16«ric-e*>5. 
[0 0 9 8] £1±<D J: 9 ft* 3> h y * K^^^rH^-r^ 
^k{c£V^ ^^/«2 1 ^BBPBftOWiaH^ : S. fe 

^v^A?Sr :HiZUHiZ 2^ffiSb**cJ: 9. V 
DDXHiZ2/ (HiZl+HiZ2) (C[g^^tL 
50 5 0 HiZl=HiZ2t LfcB*. 

omffiJi, «8S«JE : VDDt^9> Kflffi : GNDM 

^^^^-y^^vtmxh^mmmm^^y- bmm 

[0 0 9 9] w^tt«R^ittSK«*1»tt^$ 3 .U'-i/ 3 v 
UMt, BRBRMMiflH-T- : , *>-S^tt. SJ3J: W*SHiactt 

■f-ariispristft*. 

[oioo] ft*s, *w-eiiCMos^>r s/^iaK<73» 

[0 10 1] II 10 (a) tt*lt»tS7JCBBi- 5*5, h 

/ife^n^^^ »>^[h]5S2 2«cat-f-5*y b y x h^^n 

)0 SS+S/£ia£r^L-C^5o El 1 0 (b) l^^-f i/f|p]S2 
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[0 10 2] 7 h y * h 

yf@B2 2 0BRnmflU||? : S tHJJISJE : V D D £ 
(OMK^^f : H i Z 1 , ^(U 

5§2 2<Dmmmmwk z F s^^kwe .-gnd^ 

r B ^C/N^^>t 8 -^>^^?gf : H i Z 2^ffA-T^ 0 121 
10 (b) *rfflV^*6M»«IK»W"*-5 4, ^yf 
Egg 2 2l4Nc hi h7^^ : MN^y-^tS* 

-r ^0^2 2coBBEH*j«a»^ : s tm^mm : VDD 
^fflc^-r ^^-^m : h i z i N *4 V s ? 

0S&2 2(^BBGHS(|fflI«S^ : Si^7> KWEE : GNDi 
^(W^vt-yy^i^ : h i Z 2 SrffA-t-So 
«Jb^ *»M^*16«j»7tcB8-fa*y b V * b^ 

[ 01 0 3 ] WJtco J: 5**.* h y ^ -h***jilte--j--5- 

Steffi, fcb<tt, /^>f>e-^ttift,ofci 

3\ y^EIS2 2(OBBBHf»J»M»-=f : S^tfiii^W 
^fy^-^M :HiZUHiZ 2CDft!±$j)%;[Z 
£9, VDDXHiZ2/ (HiZl+HiZ2) 
;££*l3o CT^tf, H i Z 1 =H i Z2 t LfcSf, Wife 

^ffi^comfifi, ma^sffi : vdd^7^ ksjbe g 
[oio4] - o«ffl-enaE»*wttix ui/^ 3 > 

[0105]@11 (a) ttSH&gftR 7 KM-*- 5* * h 

y * H^ms£g(-s^< p c hih7>^^w* 

ffiWEfciaSr^LTV^o Ell 1 (b) 14*^ >^^{H]gg2 
[0 10 6] *JBWoSUfcWHB7fcH-r5*y h y * h 
yf0B2 sanmffitiPNH 1 : ttiilE : VDD^ 

buicmw >-t a — y>-^A^f :Hizi, ^ s/^hjs 

/^^yt°-^y^M : H i Z 2 At"5o Ull 
(b) S:ffl^-C5&^»j(B»c|ftW-*-Si:, s^EISg 
23(^PchS h7V^^ : MP<^y-^Sffi^'^>f 

Wffij&s*^ s/^[h]£§2 3(7>a>9 AtH^SS^B 
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^@K2 3 ^MeRMflikS-T- : t«aSKJE : VDDk<Offl 
l:/^^ye-yy7M:HiZi, x-f ^[hISS 2 
3<^|JflHWJ?»«T- : t^^^Kflffi: GNDiOfflC^ 
^^yt'-^M:HiZ2&#At5 0 #±#, 
**WO*H£ffl?«7(cBB-J"5*iy M * h3E*3S«0>* 

^ h y * h 

[0107] J^±(^ J:54*yM>^h S*«r*lSi-« 

70 £\ 5^085 2 3<^BH|91Mfftt-7- : <7>*ffif4^>r>f 
^fcT— ^V^^if^ : H i Z 1 tH i Z 2<D#J£#j*Kcfc 
•9, VDDXH1Z2/ (HiZl+HiZ2) MH^ 
£ixSo 0»J*fi, HiZl=HiZ2t L/cBf . IJBSfcR 

MTOt&m** «2R«JE : VDDi:^9^ K«JE : GN 
DKtco^PflmfiCir^Sp r^Bf, yf®82 314 
ONttHt45, 
[0 10 8] COttltt^DiEMW*^^^*^— 2X3> 
SrfT 5 r t -*£ 4 -9 , * y ^^BB -nmiMiPNI-T- : tfHBWfcR 

^^y^E»2 3*soN«lBi:*9. y-^*JKS:»a 

[0 10 9] 

im$l<D$hm] &s±<0£5lZ s *&W<D*y hy^ht 

»»lt*:fflv^T*y hy^ hK#LT*iJl«rifcU ** 
ft 5: ^. L. — v^rfT^ 31 tic J: «9 > h^Vv 5 

^^<^y- hmn - aiy- naK^A^flH^ • ^^r ^ 

m 1 1 *&9i<Dntei&iR i tcMi-s* y h y ^ hmm 
state jt s * h y ^ h £«n«ift/$ia 

[0 2] *»Woitl6»llB2*cHi-5*y h y ^ hffi* 
[B3] *«M<^**«ffi3Jc:BBi-«*y h y ^ bmm 
[H4] *»W<z>St*»HS4KH-r5^2y hy ^ h«» 

[0 6] *»wonEij6«tR6^H-t-5^y h y ^ hsm 

»S^Jc0 

[07] *^siii6Mt6^^ h y ^ 
/&0 

[0 8 ] *¥£w<DmMftm 6 fcia-r a * ^ b y ^ h 

SKc J: 8 N A N DEB^StftS * y b V * b$c&mM 

50 mfem 
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[0 9 ] *%W<nmmmi&7 r b ] J * h«* 

[Hi o] *&w<nnMMm7\zm-rz>*v b v * b^ 
mi i] *&w<omm&m7\cm-tz>*y bv * b& 

[0 12] V£&<Dis* a. u—>3 y-^y hy^ hrtft 
[@13] fl&fetf)^ ^ v-a ^ • ^ y k y * hf^j^ 



10 
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[0 1 4 ] S£3te<39v-^ i I/— ^> 3 hf*l4& 

[015] VtMcOi/ * ^ y-^- 7 h!)^ hf*ij& 

[«F*G>RIPI] 

1 >f i/s<— ^[h]S§ 

2 ^-YyfUIB 

3 NORSES 
4 

2 1 CMO S X-t y^m^k 

2 2 N c hi h^^v^^^^-T ^^IhJK 

2 3 P c hM b^^i?*? s/^JhISS 



[01 ] 

(a) (b) 



VDD 



G o 




[03] 



j 

G o-j— c|[mP 
D 



77T 
GND 



[02] 

(a) cb) 



VDD 



Vb 



EjZJ ? 

G oJ j|~MN G °^p < |j 



GND 



(a) 



(b) 



G o- 



E 



J 
n 



V6 £ 

GND 



Vb 



VDD 

5 



(H 



a J 



(a) 



VDD 

rmzn Y 



G o- 



MN 



4^ a 



GND 



[04] 



Cb) 




MP 
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[H5] 



(a) 



(b) 



VDD 



Vbl 



IHIZU ? 



G o- 



MN 



mm I 



Vb2 (T 
GND 



VDD 







IH1Z1 1 







MP 



IHiZ2l 



Vb2 



GND 



[me] 



(a) 



1 «ri//t-5>ia» 



Go 




OUT 



GND 



1 



VDD 
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GND 



VDO 
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MP 
pD <> 

nD <> 
MN 
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GND 



OUT 
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IMS] 



(a) 



VDD 

nrSri 



GND 
VDD 



Bo- 



IHljz2l 
GND 




(b) 



4 NAND05S 



VDD 
*PbS 



pbGii— J paG ||— 1 
<>— <j MPb o— <jl MPa 



OUT 




o OUT 



[H9] 



(a) 



21 CMOS^^^PS 
(b) 



VDD OA 



S O- 



EI 



T 

GND 



VDD 



XJ- 



IHT 



A B 



GND 



VDD 



21 



-OS S 



IHIZ1 1 


O— 


— 


|Hi 


Z2| 



GND 



r 

-|[mn 









VDD 

T 

IHL71 I 



-o S 



IH122I 

ITT 
GND 



[HI 1 5] 



1 

2 ^Ys/^HSS 
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[110] 

2 2 Nc h^K32/S/^9^Y y?DK 



imi 1] 

23 P C hUh <<vf-®3& 



(a) 



(b ) 



(a) 



(b) 



VDD 
fHTzTI 22 



S o- 



~JTT 
GND 



A B 



VDD 



S o- 




GND 



23 



9 A VDD 

IhTzTI 



>o- 



o s 



6 B 



IH1Z2I 

ITT 
GND 



23 




GND 



[Hi 2] 




(b) 



Ids 



MN:0FF 




Vth 



Vgs 



(a) 



[Hi 3] 



(b) 




OUT IN 




1 Yl/K- 



Cc) 



OUT — 

I — 



VDD 



\ 
\ 
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VDD 
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[EI 1 4] 



2 **r»3FEI» 



(a) 



(b) 



VDD 



S> A 



<) B 

77T 
GND 




(72)»w# m »- 

*Kfl?PWrtr**pqncioo6#ift eiii 



F^-A(##) 5B046 AA08 BA03 JA04 

5F064 BB05 BB06 BB07 BB35 BB37 
CC09 CC12 HH06 HH09 HH10 
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